The adoption of Conservation Agriculture (CA) in Europe varies according to the ecological regions of the continent. Although Europe is behind other countries in adoption of CA, the indicators for future progress are encouraging. The area where CA is applied is growing rapidly because of increasing environmental awareness, including soil protection, and because of the need to reduce production costs. The European Conservation Agriculture Federation (ECAF) plays an important role in the adoption and dissemination of CA practices, and in discussions involving CA and the EU Common Agricultural Policy (CAP) reform.
also in those parts of Europe where retention of soil moisture is important to ensure economically viable agricultural production. In the latter locations, mostly the semi-arid and Mediterranean regions, retaining water in the soil provides some degree of drought proofing and some level of economically acceptable yields even during dry periods. On the other hand, CA is a useful, complementary, land management strategy for reducing surface runoff and surface water pollution, as well as mitigating the severity of flooding, mostly in northern regions of Europe with predominantly cool and wet climates and extended, long lasting, low intensity rainfall.
Adoption of CA in Europe is predicated more on improving net returns, through reduced operating, labor, and input costs, and on enhancing environmental benefits, than on mitigating soil erosion. This is typical of countries such as Finland and Germany where CA practices are spreading very quickly. Although benefits for the soil and for the environment are important issues, the introduction of CA practices in Europe has been driven mainly by economic considerations (Lahmar, 2008) .
The average rate of soil loss in Europe has been estimated at about 17 mg ha -1 yr -1 , which exceeds the estimated rate of natural soil formation, about 1 mg ha -1 yr -1 (Troeh and Thompson, 1993) . However, comparison of conventional and CA practices show that applying CA generally keeps the rate of soil loss under that of soil formation (Bádonyi et al., 2008; Kertész et al., 2011) , thus enhancing the long term sustainability of the system. Also, besides providing protection against water and wind erosion, CA improves soil health and resilience by maintaining good soil structure, enhancing soil moisture storage, enriching soil organic matter, improving the habitat for soil micro and meso-fauna, and enhancing soil biodiversity. The European Conservation Agriculture Federation (ECAF) was founded in 1999 with the objective to adopt CA in its member countries, and to integrate CA as the basic principle in mainstream agriculture in Europe and the EU member states (ECAF, 2005) . According to ECAF (2005) , Europe lags other countries in adoption of CA because: 1) there is less need to take risks in Europe because the cost reductions are not as important as elsewhere; 2) lack of technology for European conditions; 3) lack of appropriate technology transfer; 4) lack of institutional support. These conditions held true until early in the 21 st century, but since then new machinery and technology have become available, and adoption has accelerated as a consequence. Also, enhanced institutional support became available from the EU authorities/institutions, while reduction of costs became considerably more important. ECAF took part in the discussion and development of the EU Soil Thematic Strategy.
Distribution of Conservation Agriculture (CA) in Europe
Figures 1 and 2 show the share and location of total arable land under CA and NT (no till) in Europe in 2010 (adoption is shown for the 27 EU countries (EU-27), as well as for Norway, Switzerland, Iceland, and Montenegro). The countries with the highest proportion of CA and NT are Cyprus (62.1%), Bulgaria (58.0%), Germany (41.1%), U.K. (39.2%), Finland (38.7%), France and Switzerland (36.4%), Czech Republic (34.8%), and Luxemburg (31.0%). The EU-27 country average is 26% (Eurostat, 2010) . The countries are distributed among contrasting eco-regions, reflecting different driving forces for adoption of CA, as well as varying government policies and promotion.
The evolution and adoption of CA in Europe has not been consistent. According to , the percentage of CA/land area in Switzerland in 2005 was 43%, but declined to 36.4% in 2012; in France, the area increased from 17% to 36.4% during this period; in Germany the area increased from 23% to 41.1%; and in the U.K. the area increased from 31% to 39.2%. In general, however, the adoption of CA in Europe has been increasing continuously. It is interesting to note that the increase in area of CA in Spain, Portugal and Italy under perennial crops (fruits, vineyards and olive plantations) has exceeded the adoption rate in annual crops.
The geography and cultures in Europe are highly variable, and consequently there has been considerable variation in types of agriculture and interest in applying CA practises. The UK, Switzerland, and Scandinavia were the pioneers for CA development and adoption, and increasingly overtime, farmers changed from conventional tillage to CA. By the end of the 1970s in the UK, 8%-10% of the winter cereals was produced under no tillage or reduced tillage (Soane and Ball, 1998) . However, because of unexpected problems of crop residue management and weed management, these often reverted back to mouldboard ploughing. A similar scenario occurred in Scandinavia between the 1970s and the late 1990s (Rasmussen, 1999) . The variation in adoption rates among European farmers is given by Lahmar (2008) and Soane (2012) . In Norway, even in areas with considerable erosion risk, farmers have shifted back from reduced tillage to spring ploughing. In France, the interest of farmers grew in the 1970s because of reduced labour in CA, declined in the 1980s because of high herbicide costs, but increased again around the turn of the century when herbicide prices declined. In Italy, NT started by the end of the 1960s, but the real expansion did not occur until the 1990s (De Vita et al., 2007 ; cited by Lahmar, 2008) .
CA practices started in Spain as early as the 1970s (Lahmar, 2008) . Based on experiences from the USA, farmer cooperatives, societies and consortia, were formed as central players in CA adoption. Scientists, extentionists, and various national and international companies participated in supporting and expanding CA adoption, and provided some targeted financial assistance (Tamames, 2002) . The first world congress on CA took place in Madrid in 2001, and the European Congress on Conservation Agriculture was organised in Madrid in 2010.
The Czech Republic took the lead in CA adoption in central/eastern Europe. In Ukraine (Medvedev et al., 2004) , as well as in the Czech Republic (Javurek et al., 2008) , and in Hungary (Kertész et al., 2010 (Kertész et al., , 2011 , research contributed extensively and convincingly to the dissemination of CA practices. The area under CA in Russia is 4.5 Mha, according to the FAO definition, and in Ukraine, CA is practised on 0.6 Mha (Friedrich et al., 2012) .
Conservation Agriculture and reform of the Common Agricultural Policy
The Common Agricultural Policy (CAP), which is the central policy platform for agriculture in Europe, has been evolving continuously since its inception in the middle of the 20 th century. Although originally focusing primarily on food production, the CAP has moved towards increased emphasis on environmental issues and on the linkages between agricultural and environmental policies in the last several decades. This has become manifested in the system of farm support, where payments are more and more linked with environmental issues like climate change and environmentally sensitive solutions. The concern in the EU on agricultural production, global food security, and the environment are high priority topics for the CAP reform . Other, related issues include sustainable management of natural resources, mitigation of climate change, and improvement of competitiveness. The European Commission, the European Parliament, the European Economic and Social Committee, and the Committee of the Regions have developed three general objectives for the future CAP: 1) viable food production; 2) sustainable management of natural resources and climate action; and 3) territorial development. The concept of "Smart Growth" is also included in the EU 2020 Strategy, referring to better resource efficiency and competitiveness. Basch et al. (2012) set out a detailed list on the advantages of CA corresponding to the goals of the CAP revision.
The list identifies the benefits of CA, including soil conservation and environmental protection, as well as reduced production costs, optimal crop yields, and enhanced competitiveness.
Among the objectives for the revision of CAP are the requirements for an agricultural production process respecting natural conditions and the environment, while also optimising production. CA relates closely to these objectives in that it enhances environmental protection and biodiversity, conserves energy, promotes more efficient resource use, and protects soil health and resilience. CA provides the foundation on which a healthy, consumer based agriculture and food production system can be developed for Europe and the world.
Conservation Agriculture and mitigation of climate change
It is increasingly accepted that the frequency and intensity of storms will increase under future scenarios of climate change (Soane et. al., 2012) . Correspondingly, there will be increased risk and severity of soil erosion, with increased costs of mitigation. The IPCC (2007) estimates that agriculture, globally, is responsible for about 30% of the total greenhouse gas emissions (CO 2 , N 2 O and CH 4 ), while simultaneously being directly impacted by a changing climate. For the EU, the share of agriculture is 10% to total of EU greenhouse gas emissions , although burning stubble after harvest and soil organic carbon losses due to conventional ploughing are not included in the figure. Intensive, conventional tillage and soil carbon losses are strongly interrelated. Smith et al. (1998) estimate annual carbon sequestration through no tillage at approximately 0.4 t C ha -1 yr -1 .
In addition, the authors report that the added sequestration benefit gained by maintenance of 2 to 10 t ha -1 straw on the soil surface, is roughly 0.2 to 0.7 t C ha -1
. Assuming that 30% of the total area of arable land in the EU-27 is suitable for CA application, this translates to 0.77 t C ha -1 yr -1 in reduced CO 2 emissions, as well as 44.2 L ha -1 in reduced fuel consumption under CA (Fig. 3 ) (McConkey et al., 2000; Basch et al., 2012) . This may, however, be an under estimate since the Eurostat (2010) reports on only 25.8% of the area in the EU-27 (plus Norway, Switzerland, Croatia, Montenegro, and Croatia). Based on the above data, the potential carbon sequestration under CA practices in the EU-27 is 26.2 Mt CO 2 yr -1 , representing a total, annual CO 2 mitigation potential of about 97 Mt CO 2 yr -1 (Fig.3) . It should be noted that the yearly amount of 4.5 Mt CO 2 saving due to less fuel consumption under CA is miniscule compared to the value of carbon sequestration. However, the reduction of CO 2 emissions and carbon sequestration, together, approximate 40% of all CO 2 emissions (266.4 Mt CO 2 ), which the EU-15 states agreed to decrease by 2012 (Tebrugge, 2001) . It is even more striking that this amount is the equivalent to what the EU-27 could reduce between 1990 and 2010 (Olivier et al., 2001) . 
The future of Conservation Agriculture in Europe
Crop yield data in Europe generally show a positive advantage towards Conservation Agriculture. Comparing yield data of CA and conventional tillage in Hungary, Kertész, et al. (2011) show a yield increase of about 10%, although in some cases, a slight decrease was observed during the first years of applying CA practices. In northern Europe, the situation is similar, except on poorly drained, clay soil. In Ukraine, yields are estimated to increase by 5%-10% on the Chernozemic soils (De Tourdonnet et al., 2007) . In southern Europe and Spain, Arrue et al. (2007) report 10%-15% yield improvement under no-tillage, especially in dry years. There are, however, differences among the regions, and Lahmar (2008) and Soane et al. (2012) report that CA does not always result in yield increases. The general trend for the future for CA in Europe, based on yield response, is optimistic.
Reduction of operating costs will continue to a major consideration in farmers' decisions to adopt CA. Previously, environmental benefits, like soil and water protection and decreasing soil erosion, did not influence farmer decisions as much as production and economic considerations, but environmental awareness and the significance of ecological management are becoming important issues for farmers. These have emerged as a result of the increasing vibrant environmental policy development in the EU. The CAP reform, and the system of financial and institutional supports that evolve are expected to impact significantly on farmer decisions to apply CA practices.
In general, CA is proving to be more popular on larger, commercial farms than on smaller farms, and it provides opportunities for more profitable winter crops. Although yield response and yield variability are important considerations in Europe, often due to the uncertainties of climate change, some reduced yields under CA may be acceptable providing that these are balanced with appreciable reductions in operating costs (Soane et al., 2012) .
The environmental advantages of CA, including soil and water conservation, landscape protection, mitigation of flooding, reduced pollution of waterways from sediments and particular bound phosphorus, and improved drought proofing, will be increasingly important in the future. These issues, as well as economic issues such as marketing and agricultural competiveness, are being evaluated within the political envelope of the CAP reform, and will form the basis for the kinds and levels of future financial support for the agricultural and food industry in Europe. The CAP reform is likely to be one of the major driving forces on acceptance and adoption of CA in Europe.
The uncertainties of climate change will also be significant in the evolution of CA in Europe. In northern Europe, the evidence is towards milder winters, wetter periods in autumn and spring, and longer growing seasons. In southern and central Europe, the trends are towards drier summers and wetter winters, with increased concerns on droughts (Soane et al., 2012) . These variations multiply the uncertainties in yield variability common to crop production, and complicate farmer decisions on adoption of new technologies such as CA.
Considering the variation in European geography, climates, ecology, cultures, and traditions, and the push-pull effects of EU policy and programs, the future of CA will be different in different parts of Europe. Yield performance and stability, operating costs, environmental policies and programs, and climate change will likely be the major driving forces defining the direction and for the extension of CA in Europe.
